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Outline

Note — MANY topics skipped —HBT, particle
yields, fluctuations...

Introduction to the QCD phase
transition, heavy ion collisions

The machine and detectors

Centrality measurements

= Changing the size of the
collision volume

= Number of participant nucleons
= Number of Binary collisions
Global Measurements
= Energy density
= Thermalization and flow

The ideas - Jet quenching, what
do we expect?

The data - High pt spectra
- Jet quenching
— evidence of deconfinement?

The future

Caveats
e In the interest of clarity | have

attempted to tell a story —
however pleas remember

The data is still preliminary —
Generally the systematic errors
are estimated to be 30%.

In the energy regime we are
exploring pQCD becomes a
reliable tool — however there
are ancillary issues such as the
time evolution of the system
which are uncertain

In the Long Range Plan we are
still using words like
“preliminary” as opposed to
“conclusive”
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Why do this stuff?

= Why Relativistic Heavy lon Collisions?

= To study a hadronic matter at high energy density
= Early universe
= Center of stars
= To study the deconfined state of QCD
= Where is the phase transition?
= What order is it?

= Are there collective effects ( e.g dis-oriented chiral
condensates?

=« 10 Study the Vacuum - chiral symmetry restoration
= Origin of (hadronic) mass
= To understand the spin of the proton (polarized

PP)
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The QCD phase diagram

= TWO different phase 4 Ea"?“"‘“—‘”‘-'/)/—\
transitions! o
= The deconfinement transition - / —
particles are roam freely over g
large volume B |fadwen "
. .. =1
= The chiral transition - masses E
change T | MNuclear £ perconducting
matter [~ " cD matter
= All indications are that these two e
are at or are very nearly at the
Same VEEII'}_'OI_'I densityp_ | ss 5- fl] -nu-cle-ar
Two sets of conditions Chiral condensate\; | @ ]
= High Temperature S . ° Z
= High Baryon Density p, B O
Lattice QCD Calculations give De-confinementf """ “¢ e
T.~150-170 MeV; \ z/i-00r
ecritical — 0.5_0.7 GeV/fm o° @ q

= Two flavor QCD

T. Blum et al, PRD51(1995) 5153
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How do we hope to see this phase transition?

= Relativistic Heavy lon Collisions

= We would like a bottle of compressed quark and gluon gas gas — but it
isn’t

= Better analogy — early universe, exploding star
= Time evolution

= Lorenz contracted pancakes

= Pre-equilibrium < z~1fm/c ??

QGP and hydrodynamic expansion t~ few fm/c ??
»« Hadronization and freezout 7~ 5-20 fm/c??

QGP and hadronic phase
initial state hydrodynamic expansion and freeze-out

Wil
|i|ﬂ|l “I"

ol s
\ln lfllﬂlu
[\

pre-equilibrium hadronlzatlon

Time Evolution  Richard seto



RHIC The Relativistic Heavy lon Collider

= Located at Brookhaven National D S o e
Laboratory, Long Island . ; : =,

= Schedule:

= Commissioning: June-July, 1999

= First physics run:
~May-00 through Sep-00

= Two independent rings - 4km
circumference

= Capable of colliding
pp, PA, AA (Au-Au)
=  Energy:
®» 500 GeV for p-p (pojdrized)
L ~2 x 10%6 gfm2 st
®» 200 GeV for Ay4Au
L ~2 x 4032 cm#’s1
= Two Big Detéctors
= PHENIX, STAR
= Two Small Detectors
= PHOBOS, BRAHMS
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A STAR picture — design considerations

= An early high multipli
event

= Design Considerations
= High granularity
= Low pt capability
= High pt capability
= Good PID
= Large acceptance
= Good momentum resolution
= Cheap

= Can’t have it all
=» Different Philosophies

Richard Seto



The “Large” Detectors ==

- =l
i ‘F‘ : :

v Vi

!.\:'..,."5

iaC e

= STAR

= Large acceptance TPC
= Solenoidal Field

« -1< h<1
= Vertex Detection - SVT

= Primarily Hadrons - year 1
= Multi-strange baryons

= EMCAL - 2nd year - photons/electrons
= PHENIX

= an apparatus for electrons, muons,
photons and hadrons

= 2 Arm central spectrometer + 2 muon
endcaps

= Limited acceptance
= -0.35< h <0.35 (e,g, hadrons)
= 1.2<| h |<2.5 (muons-2nd year)

= Open Geometry Axial Field (like a
Helmholz coil)

= High rate, good PID, Good momentum
resolution




STAR —year 1
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PHENIX: year 1 configuration

Central Arm Central Magnet

~mstalled
B Active

Beam View

e 7 I = Tracking

| | . DC, PC

= Particle ID

e 2 & | ' - EMCal, RICH, TOF, TEC
ZDC South _ | ZDC North
] Beam .

 MulD D -*-&opzl Detectors (centrality)
» ro Degree Calorimeter (ZDC)

Beam-Beam Counter (BBC)
= MVD (year 2)

South SideView Richard Seto



< “Spectators”

We need to worry about Geometry
Measuring Centrality (impact parameter)

Zero Degree Calorimeters (ZDC)
only measure spectator neutrons,
since charged particles are swept
aside by accelerator magnetic
fields.

These calorimeters are common
to all four RHIC experiments
Using a combination of the ZDC's
and BBC's we can define

_,{}'.J_It.J:I I‘I T |I TTT

BBC vs ZDC analog response

> 0-5%

Centrality Classes o1

:‘:,‘I"l.‘;i‘lI‘|II1\I\1IIII|IIII|IIII|IIII|IIII|IIII|‘III

5

0

0 01 02 03 04 05 08 07 08 09 .
QBBC! BBC

"> QD

ounter (BBC)

“Spectators” »nn
n
P P
P

Zero Degree

Calorimeter
Richard Seto



Conversion from Centrality to

Nhinary COllisions and N

entries (a.u.)

participants

Many models of particle production identify two components.

(A) Soft interactions where production scales with N
(B) Hard interactions where production scales with N

participants

binar
dNe/dh|  =A" N +B" Nan
A simple Glauber model gives Ny o, @and N, icinants
LN R EUE I U R N S S S S

__ HNeEOE Centrality | Collisions | Participants
1 | 0-5% | 945 + 15%0 | 347 + 15%
- 5-15% | 673 + 15% | 271 + 15%
= 15-30% | 383+ 15% | 178 + 15%
i 30-60% | 123 + 15% | 76 + 15%
i " | 60-80%| 19+609%| 19+60%
80-92% | 3.7+ 60% | 5+ 60%

200

Introduces systematic error

e e Large for peripheral events
Number of DCH tracks/event

Richard Seto




Initial Conditions

= What is the energy density achieved?

= How does it compare to the expect phase transition
value from lattice QCD?

= |s this energy density thermalized?

Bjorken formula for thermalized energy density

o = 1 1 dE; ¥ Need to measure
Bj pRz %t . dy transverse energy

(E-) |
Need to estimate the

- — time to thermalize
- —> ~ PR the system (t, ~ 0.5
S —>

fm/c)

2¢ct Richard Seto




Multiplicity

|Minimum bias multiplicity distribution at mid-rapidity

- | = Divide by Npart
S i . PHENIX ] _
“F _ meangemece / = Good consistency between experiments
:Wtr.nbmzi.pl cityoﬂ §_ . Y|e|ds grow s|gn|f|cant|y faster than
Istriputiorn 2 - .
Pad Chambers [ Nparticipants
o f | = Evidence for term ~ Ncollisions
1 — . ﬁ/ = Hard processes increase with centrality
L il ',é., (30% mid-central to ~50% most
= = V — central)
o 4 A s , _
Z " I Rrorcs dNen/dh| _ = A" N, + B Noin
~— 3.5
= A=088:028 B/A=0.38+0.19
=Z 3 ! —
i i1 B=034¥012 prenix preliminary
2.5} I —¥— VTX & SPEC Tracklets
r —a— PHOBOS PRL
ol i First PHENIX paper submitted !
C ! L | |
0 100 200 300 400
N nucl-ex/0012008

paft Richard Seto



PHENIX Electromagnetic
calorimeter measures
transverse energy.

Yield

Transverse Energy

PHENIX preliminary

LI N I R B N IR L ToT-T
Minimurn bias E, distribution at mid-rapidity

For the most central events:
ijorken - 50 GeV/fm3
Lattice phase transition:

2 ~ 0.5-0.7 GeV/fm3

critical

E, (GeV)

: : .
200 400

600 dE, dn |yt

Energy deposition is certainly adequate, but does it
create a thermalized new phase of matter?

Richard Seto



Is the system thermal? Look at “elliptic flow”

Pb +Pb,b=7fm
. FIOW Ehm ) nual energy density lines
= Pressure build up (energy ° '
density profile) 0 , |Hydrodynamic Calculation
=« Explosion with azimuthal - _ {P- Kolb, J. Sollfrank,
asymmetry s and U. Heinz

= Zero for central collisions L A

= Hydrodynamics

= Assumes continuum
matter with local
equilibrium
= Locally equilibrated or
“thermalized”

10
x (fm)

= =g
ST
i

y (fm)

“elliptic flow”




Definitions - v,, a measure of eliptic flow

dN/dydp;df p 1+2v,(p;)cos(2f )

by ty
‘\\_o o,,,)
-0/ o —
- «—O,_o -
X —0 00— X
—O o—.
e:éyz- X f v, =(cos )
&y + X f =atan ¥
Almond shape overlap region P,

In coordinate space _ _
Gives asymmetry in Momentum space

Richard Seto



Centrality, PT Dependence of v2

- l:'-'|-''''|'"'|:"""|"'1|'1"1"r"rr""'|"”'1
£ .09 pions
B Ly wrotons + anti protons
Strong ﬂOW Slgnal “UB§ L[}drn cﬂ]i:ulatlmns
. . 007
s Consistent with o3
Hydrodynamics to 005E ﬁs ”H
mid-central 0.03E
/ u.ﬂl;—— :
e . - Preliminary -
3 IR e 0501 02 03 0.4 05 06 0.7 08 09 1
0.1F m4drapi 4ty |h| < 1 O ol
i I === Hydrodynamic modzel
0.08F7 14 I --------------------- ® PHQBOS - Preliminary..—
- + ____________________________ OST _____ R(PRL) ________________________________ 1 OK, looks like we might have a
0.06] system of high energy density that
; : is consistent with being reasonably
0-04__""@ """""""""""""""""""""""""""" u thermalized
0.02 Y @ I@ _________________________ Ji Now What?
i Answer - Probe the system, Let's

0-"'|""""'--|--.|. ) |
0 02 04 06 08 1 see what kind of muck we made

Peripheral Central Richard Seto



Hard Probes In Heavy lon Collisions, aka Jet quenching

Beams of colored quarks
= The experiment we would o | c:o|or|ess|/|
like to do — Deep Inelastic |/ Hedrons]”

Scattering of the QGP C .

= “hard” probes

« Formed in initial collision with high Q2
= penetrate hot and dense matter

=\Sensitive to state of hot and dense matter

dE/dx by strong interaction
b jet quenching

QGP ahd hadronic phase
initial sta hydrodynamig expansion .and freeze-out

el
Sir Q; Softened Jet

)
il /
e |
\ |

o 0
I |
TR l‘\

pre-equilibrium

hadronization

Richard Seto



Parton Energy Loss

= Partons are expected to lose energy via gluon
radiation in traversing a quark-gluon plasma /

ts fs ty ts

t
%%%Fmv mmﬂém* oa60> ’ @

5 k.c
5 dé B, 5.

ke t
) D -I-
.0‘0‘0‘1:.:9‘-
b
i

ROGTETRCToToM —

qi.a;  Gx8 g383  de.8s  Qs8s «—
= Two forms of energy loss considered '>7' \‘
= dE/dx ~ constant, static plasma
= dE/dx ~ L ¢ v

= This latter one is from QCD calculations
( interference)

« Both Static and expanding pla
considered

Baier, Dokshitzer, Mueller, Schiff, hep-
ph/9907267

Gyulassy, Levai, Vitev, hep-pl/9907461
Wang, nucl-th/9812021

and many more.....

The leading particle energy is lowered (jet quenching).
Hadrons above P, > 1 GeV are expected to be from jet fragmentation.
Thus, we should look for a suppression of high P, hadron production.

Richard Seto



Some expectations — (predictions!)

X.-N Wang

2 T T T | T 1T | T T T I T T T | LI | T T T | L LI
Neutral pion pT - 10% central I ; \ Yo checlenig
— — — : M\ ---- EK588 shadowing _
B L O g S R R i /A N— HIJING shadowing _
*,:Q__ % z z : (www—hpc IbI gov) 1.5
= = : : :
"l‘__ L * ‘s no shadowmg no pT broadenlng
= g ] (e shadowmg pT broademng ;
alo E_ .......... ST o - T U AUy USRS SRS P b
& F ° .
5 | . & !
-1k R 3
E L . i
E : 5‘
= L e
-1 :
10 & : 0.5
_2_ - ’,
10 E_ /- -
= dE/dx 0. 25 GeV/fm 0 o

v b by v v b b by v By
o — 0 2 4 6 8 10 12 14 16
TCR AU R SO S S S S pr (GeV/c)
| | | | | | | | | Normalize to pp cross section

_I|||||||||||||||||||||||||||||||II|IIII|IIII|IIII R j— 1
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5§ AA <Nbin> pp

pT [GeV/c]
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Setting the baseline

n 107
: . i ’5‘“ g CDF + 1800 GeV
= To find jet suppression — compare 3 o f 2 630 GeV
to what? 8 10732 UA{ * 900GeV
.. . o 500 GeV
= Pp collisions scaled to G = 130 -g 10 L . 200 GeV
GeV _ E— ISR+ 53Gev
= Good fit to a power law T o 23GeV
= Peripheral collisions — an <=
approximation to pp, or pA =
and i
= Models — Hijing, VNI, etc. <
+ jet dE/dx
= Needed to make quantitative
statements about energy loss
= Some are extensions of standard : |
Monte-Carlo’s 10 '5:_ ---------- power law fit e
6; — interpolation to 130 Ge’\olr T
[ R S R R

p, (GeV/c)



\ : | | i . - | | ;. i
Models oy
3y i — — — without jets

4— O UA5 ]

= Many models of particle i i i
production identify two 5| ‘
components. 5 7 o

= Soft interactions where i R

production scales with N__icinants | Cnge>
= Strings : p< p, ~ 1-2 GeV ol il o -
= Hard interactions where Vs (GeV)

¢ CDF v&=1.8 TeV _;

production scales with N

binary - & UAT vE=0.9Tev (X107)

= pQCD - p> pO ‘."U 10 o UA‘I-\f'3=0.?Te§!(><1D'2) —

= Initial k; included 3 10 N TP

E 108

dNen/dh |h:O = A" N, + B Noin T

Pr =P 1 d ;é ' i

— \ 2 o S b sF ]
Sje= O dprdndy,za % fa(x)x,f,0%) dtf‘b S 0
g 10 L :

_10f 3

Sqq(S) =S jet(s) +S soft(S) S B I T TR

pr (GeV/c)



PP (6] pA the Cronin Effect

0.15 . .
= Prior parton scattering o L o
broadens the transverse
momentum spectrum (“Cronin < 2%
effect”). This has the opposite S 0.00
effect of “Jet Quenching.” g %
= I.e. it enhances high p; 0.40 |
—_ 0.00
<pt2>A - <pt2>pp t (A'l) Dpt2
= Not expected to be a large
effect at RHIC energies. Big e i"
effect at CERN-SPS energies. 5 } E—_;W é";{r &2
12 b + 4 ? '
£ —eT 1.4

Hljlng MC ‘é?g ﬁl:c:ﬂi:jlihﬂfmej
L pW e s

/Be AN pBe ]

0.8

0.6 F T ]

N U T I 0 O U T T A U K IS A A U W I O A I O I A A A 1

{0 25 5 T5 100 25 5 75 10
pr (GeV/¢)

Ea=#0Gay T E.=800Cev |




The Cronin Effect

aipt)

0.8

# 7 Frnach & al
& 7 Cronin el al

12 an

¥ & Carbuttetal

- h Chaney et al., 200 to 400 GeV r beam )If

g P0GV & beam
400 GeY p beam

260 GoV p brem
#’ E708_ 515 GeV # beam &, T#
'

Us
4

’_'E-

_.___
— e
- 0T
2 e
L=
-'-

-1
10

1 10
p, (GeVic)

R, = 1afdspAo a&dspp_
A Ag dp® = gdpt =

spare

= modification of p,
spectrum in p-A
collisions

= ratio analysis:
= for p-Au collisions

Increases above 1 at
~2 GeV

saturates at —2 GeV

eventually decreases to
1 at high p,

Richard Seto



= Nucleon structure
functions are known to
be modified in nuclei.
Fewer partons than
otherwise expected will
lead to fewer high P,
particles.

= Gluon shadowing
= |s not measured,
= |arge role at RHIC

= Measure pA at RHIC!
= For now depend on
peripheral events

16 71—
EKS98 Shadowing
14 B :"’; No Shadowing ]
1.2
)
<. L
o . :
i Hijing Shadowing 1
08 / _
I No shadowing ]
T EKSS8 shadowing
06 o HIJING shadowing -
| | | L1 | | | | | | | | | | | | | | | |

pp to pA: Nuclear shadowing

0 2 4 6 8 10 12
pT(GeV/C)
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pp to AA: Nuclear Geometry

10

10

1N, 1/27 1/p, dN/dp, (GeV/c)?

—L —L —L
o o o

—L
o

—L
o

—L
o

X.N. Wang PRL C61 {2000

— dEfdx =0
no shadowing, no pt-broading

-==-= dBEfdx =0
shadowing. pt-broading

C g Gpp‘rNe . at 130 GeV T

.
scaled to min.bhias Au-Au T

F — scaled to 5% central Au-Au \

1 2 3 4

5

p; (GeV/c)

T.(b) = iz 1 A(2.b)

Glauber Eikonal Geometry

Tae(b) = GjZSTA(S+%)TB (s- 3)

= Hard processes scale with

binary collisions
= scaling to min. bias Au-Au:

bc
S aa(b <b;)=s op (\)d “b T aa (D)
0
= scaling to central collisions:
- 2
S m = A’s

2 A4/3

> Tu(b< R)» p‘;{z »

S pp

Richard Seto



Results from the SPS

(] F
S, CERNSPS 10% central =
—

% 10 7@ O WASS Pb-Pb
E a
3 T o * CERES Pb-Au
_g‘_‘ 10 = g-g‘a ----- hydro fit by wAQS
--Z-.. : g {T=185 MeV, B=0.21)
= C —— pGCD (X .-N. Wang) [ |
o 1 ¢
— E
— C
=10 ¢
= I
= F .
24} L
Z10 L
=
3t
10 3
sl
10 3
st
10 0 '

Py (GeV/c)

A.DressQMO01 Richard Seto



Comparing CERN-SPS Pb-Pb to p-p

0 X.N.Wang
m R,, exhibits amplified e [
_ 2 [ Ew=158 AGeV Pb+Pb
Cronin Enhancement at DL A 10% contral (wass)
. o 8 h™ 5% central (NA48)
SPS energ|e5 NE;/ & m 107 central (Na44)
AE' A T 5% central Ph+au {CERES)
R. >>(R S
AA ( pA ) v 1L ;
Pl
. @ b
m Parton energy loss, if any, % IR
iIs overwhelmed —— " 4
| L1 |
by initial state soft 10"

multiple collisions at SPS!

1 AA
R <N,.> Pp

* dE/dx issmall at SPS dueto short plasma lifetime and low gluon density
MG, P. Levai, | Vitev, PRL 85(00)5535 Richard Seto



0 spectra

> Neutral pion pT spectra
E e
Sl PHENIX Preliminary
= L )
g . ‘ o 10% central
% - e Minimum bias
T % % ® 75-92% peripheral
=
210 & ¢
T ; ? (s = 130 Gev
i ’
| 10°E <«—Central
Systematic errors - i
included > |
Main sources: 10 ¢
- peak extraction - / f
) I . ¢
. PID loss . Peripheral {'
o s v o | - efficiency : t
S o calculations - Min bias
pT>2 - non-vertexplons 10_5_IIII|IIII|\III|III\|IIII|I\II|IIII‘IIII|IIII|IIII
GeV,asym<0.8 - pT scale 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
pT [GeV/c]

~-1M Min Biais AuAU events
Richard Seto



Comparison to charged spectra

= PO spectra matches charged pion

! _ *-. PHENIX preliminary
spectra — different systematics! 10 B3 A
= Charged spectra has an excess for ] Ay,

1N, 1/2m 1/p, dN/dp, (GeVic)”

pT>2 GeV/c 1
N 10
5 [ RHIC Au-Au min.bias
E 10 2_ preliminary 10 -2
T @ o PHENIIX (h*+ h2 -
3?_'10 L " = PHENIX o 1D =
% DDD PHEN X fr*+m 12
g 1 L A I':I‘a] 1D *
B =l
o i 0 5
1_-;'IGI = d_Tl;ll:l 10
Z“-" s "?EID \ 4
= | T_D”DDD All charged

3 'y N
. = PID’ed spectra: p 3 p- for p;>2
af (mt+7)/2 Ty l P P~ p-10rp;
10 F ﬂ+ GeV/c
. 70 b = Charged spectra matches well to
B R S p-+K+p
P, (GeV/c)
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p, dN/dp, (GeVie)”
D —

1721 1/p
a

1N,
o o

—_
o

10

-5 X.N. Wang PRC 61 {2000)

-6 shadowin, pt-broading

3 PHENIX preliminary

0
T

peripheral {75-92%)

E —dEdx=10
o na shadowing, no pt-broading

- . dEfx = 0, shadowing

E dEdx = 0.25 Gewim
F shadowing, pt-broading

Py (GeV/c)

I > 3 4 5

-t
o

dN/dp, (GeVic)”®

1N, 1721 1/p,
o o

-t
o

.y
o

L T 2 3 4 5

Comparison with QCD calculations:Peripheral Events

-t
o

E o PHENIX preliminary

h*+ h’
o peripheral (80-92%)

hi

EX.N. Wang {(2001)
F — dEdx =0
na shadowing, no pt-broading
---dEMdx = 0. shadowing
shadowin, pt-broading

dEMdx = 0.25 GEewitm
shadowing, pt-broading

p, (GeV/c)

= good agreement with pQCD calculation in Peripheral Collisions
= Includes Intrinsic k;, Cronin, shadowing

s Baseline iIs OK

Richard Seto




= p-QCD over estimates

the cross-section
« forplatleast " 5
= shadowing and p;-

broadening seem
iInsufficient

= calculation including
constant energy loss
= consistent with p°

—_
4]

. dN/dp, (GeV/c)”
O

1N, 1/2m 1/p
o .

—l

0

10

10

-
&

5

1
—
TT

Central Events — Jet quenching?

3 PHENIX preliminary

0
T

central {10%)

dE/dx = 0 (pQCD)

¢

dE/dx=0.25
Gev/fm

- X.N. Wang PRC 81 {2000}
E —dEdx =0

na shadawing, no pt-broading
- ----dEdx = 0, shadowing
shadowin, pt-broading

dEdx = 0.25 GeWm
shadowing, pt-broading

5
n
u
n
L3
~
.
. -
~
~

I > 3 4 5



Some sanity checks

= Just compared to scaled = Maybe scaling is wrong?
: = Check with central collisions at the
S DD(UAl fit 130) SPS (where we don’t see
= Still suppression x5 quenching)

= No quench hypothesis fits well to

G.David, PHENIX
central events

"5 102 PHENIX preliminary e
B 10% 3 Pb+Pb — T i
g_’: 10 75-92% = central 10% E
S | _ E, =158 AGeV
=z 1 ¢ 10 2E ™, WA98 .
— E * E Ry
g -1 Central o
— 1 0 E + .",‘. % =
5— of mQ 10 3 E
T A0 2 -
Zg E + 5 E 1 L
S— -3 ~— E_ E
= Peripheral 2
_4 - - | N
10 R10 £---- E
F C dE/dx=0.01 GeV/fm
5F UA1(130) 20 _
10 E --- scaled 1o 5% central 10 St 7‘1‘1_2 fm E
6§ — scaled 1o 80-92% central - dE/dx=0.01 GeV/fm ]
-IO OI = I-ill I Iéll I Iél I I I4II I I I5 10_3_IIIIIIIIIIIIII|IIII|IIII|IIII|III“I“
1 15 2 25 3 35 4 45

GeV/c
P ( ) py (GeV/e)



Ratio Central/Peripheral

= hormalize central to within systematic errors:
peripheral divided by Ran <1
1.2
NBinary L PHENIX preliminary
= different systematic " [T PRENI (e  PHENK
60-80% 8
errors: 08

o
o
|

= Mmany experimental
errors cancel

= Systematic uncertainty
~60% on N

o
T
I

(central/N_, ) / (peripheral/N_,,)
o
I

coll

<

KicCriarua sew



Divide by <Nbinary>S op(UAL fit 130)

2 T T T I T T T I T T T I T T T I T T T I T T T I T T T I T T T
| = ]
AA LI _ No shadowing _
R..= N\ ___-._. EKS98 shadowing _
AA 1
<N, >PP 3 \o. _._._._ HIJING shadowing _
1.5 [ Neutral pion pT - central / UA1fit(130)
— - {normalizaﬂ h'!p' maan number of collisions) ]
i g PHENIX Preliminary
= E ! 109 central, <Nooll==857
—— i s
=y L o F N i 20
E [ E.’J
' Y :
Y- dE, /dx=0.25 CeV frm 4
0.5 | P
i +‘1 ,¥+Au+,ﬂuu{b=0) VE=20C o - { |
D 1 1 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 ).+, ¥ .-.: o A = Hd: T J‘: c:
0 2 4 6 8 10 12 .= .u FrE

pPr (GeV,c)
Note Gs for model is 200 GeV

Richard Seto



Comparison with pQCD

P.Levai, G. Fai, G. Papp, MG (QM01)

18 ) Central Collisions
3 Au+Au — ™ at 130 AGe“RequireMedium
= * g Dependent pQCD
& b 4 y
510_15_ CEP'[F(EH' P
; : ; Collision | LI
T f LEF Tl {Ferdly'« W™ >
Z10 F [
- ¥ Qco 1
'3:_ Peripheral 12 \
10 = Coll. R \
10—4; Pre”m. AA 15 :'v"-ll'd{cl.u \\ "]
- PHENIX data o
| G. David, QM2001 ok -
10k ' - N
- o | O £
—G: . ' Ll

10 0””0|5HH'|]HI:||5HH|IHIlll”l .1:;_/.\ I
dEGLV/dX 5 1 15115 3 35 4 45

Quench )
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Spare

|_§‘|-4 - 5%central preliminary
'g‘ 12 [ o PHENIX {h*+h2 + PHENIX7°
=, . = STARR PHENIX {r*+m 42
- 1 F
%: ;s
=~ 08 [
paiey C + + +
S 06 o s E #
= g P
S04 [ o qnﬂn':'u¢ & + +
T - l' I:II:I
L # o g’
02 ettty 3'-f+ g
o + I I
D 1 | I 11 11 I | ] (O e | I 11 11 I | | 1 | 11 11
0 1 2 3 4 5 6
p, (GeV/c)
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Charged particle anisotropy
p; < 4.5 GeV/c vs Hydrodynamics

Hydrodynamics
seems to overpredict
v, for pT>2 GeV

If high pT particles L
come from hard 0.2
scattering, you would 5
not expect them to
be in equilibrium
hence hydrodynamics »
won't work 0.05F

Jet quenching for B
FAREERNETE ARENE EENEE SRR EE FEEEE ERERE PERTE SN R
non-Central events? 06703 35 1 15 s

Caveat — comparing ) ) p, [GeV/e]
to all charged

'].3_TITT'ITI'IT'II'III'II'I:IIIIIIIIIIllIIIl[I'ITr'IT'ITI'II'II'I
. o charged particles  pqjiminary

025 _— Hydro pions

iSTAFF

vz(pt)

0.15F

0.1F
" Only statistical errors shown

systematic error 10% - 20%
for p,=2-4.5GeV/c

i+

—
p—
|
o ]
[ ]
N
L)

Richard Seto



V,(py) for high p, particles
Hydro + quench model

Gyullasy, Vitev, Wang combine a hydrodynamic
model with a jet quenching scenario.
dE/dx ~ L

030 —————————

- ®—a Hydro+GLV quench., dH?’dy=1nnn
0.25 | ®—* Hydro+GLV quench.,, dH?’dy:guu

™7 | e—e Hydro+GLV quench., dNdy=200 l
0.20 Quenched pQCD

<L) > nn (fM}

E 015 t
7 > 040 | )
6 i Te——
5 0.05 )
4 F i T
5 0.00 . |
al: : 0 1 2 3 4 5 6
i : p; [GeV]
0 S MG, I. Vitev and X.N. Wang, nucl-th/00012092
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Preliminary STAR Charged

) 0&_""I""I""I""I""I“"I""I""I""I""_

& [ o STAR Min. Bias Data (statistical errors only) ]

5" 025~ Hydro+GLY quench.dN ®/dy=1000 :

Differential v,(p;): ““I"- Hydro+GLV quench., dN*fdw-iﬂl} 7

N -H}'dru+GLV quench.,dN %/dy=200 -

m Hydro up to ~1.5 GeV 0.2F -

= Flow signal consistent with Jet [ :

ing! 0.151 =

Quenching! - -

Constraint on Initial Conditions: 0.1 - -
m dNglue/dy > 500 E

0.05F I e

F Preliminary 3

; : . " -

particle anisotropy

00 T T s S
p, [GeVie]

systm. error 10% - 20% for p, = 2 - 4.5 GeV/
Flow signal consistent with Jet Quenching!

Kolb et al (Hydro) + MG, P. Levai, 1.Vitev (dEq.p/dX) PRL85(00)5535
MG, I.Vitev and X.N. Wang, nucl-th/00012092, PRL in press
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omparison with p, distribution

3
o 102
e e RHIC Au-Au 5% central
= 5 . preliminary
L 10 "¢ 55, :
05 F s+ STARh
;_.'_ A o PHEN X (h*+h 2
. D 10 EE;. = PHENIX 1° (scaled by 1.8)
= calculation 2 | &
- =
. - _Q__ 1 | .
compatible with = ¥
[N} 1 -
—10 & ES%B

= anisotropy

#

2 2 ]
measurement <10 % Fog
: f‘nf'l:l
_3— ‘;‘.‘[;]
= and p, - spectra 10 °} i,
10 _4;— M.Gyulassy et al, nucl-th/0012082 ?“"‘T 3
---- Soft+GLV guench., dN%/dy=500 ®
_5—
10 g TR e
p, (GeV/c)
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Jets : the future

= Nextrun (starting in May  u Later as Luminosity

2001) increases

= pOto Pt~ 10 GeV! = Direct g-tagged events:

= Greater sensitivity to exact Eg—Ejet

energy loss
How big?

Proportional to mean free
path?

= Back to back high pt
particles
= PA running??? Critical !
= Possibly high pt K-
= Has no valence quarks —
should be sensitive to gluon
jets
Gluons should have more
higher dE/dx than quarks

Richard Seto



Some Dirty Laundry

= Comparison of
charged particle
spectra from

PHENIX (h* + h-)/2
STAR h-

Careful comparisons
between experiments
with the same cuts
have yet to be made

30% discrepancy/:'—z*:c::(1

J.C. Dunlop, STAR
F. Messer, PHENIX

. RHIC Au-Au 5% central
- preliminary

o PHENIX {h*+h 2
= STARN




ompletion of Central Arms
= Significantly
Increased aperture
» Electrons!
= Addition of new capabilities
= South Muon Arm
=>» Di-muon physics

® Upgraded
dTriggers
d Data Acquisition

®» The ~5M events recorded
iIn Run-1 represent
~1 day of data-taking for
RHIC+PHENIX in Run-2

Shape of Things to Come

South
| Installed

Insert here
BNL,

PHENIX Dftector - Second Year Physics R

ZDC North
|

Side View

W Active

North

MulD




Vector Meson mass shifts in the dilepton channel
Chiral symmetry restoration

Light” Vector mesons are ideal probes (p,w,¢)
= Like putting a scale to measure

4
mass inside the fireball 234
= Short lifetime ~ few fm/c {_‘
» Decay inside hot fireball

LA
= Electrons (and muons) are ideal messengers
= Don't interact strongly (e.g. neutrinos from the sun) \

-1.3

:qt- ¢
% o2 T- ‘e d |
3'5 o % o o
E E

Qg Uj? Dlﬂ- l.'.'liQ
M[Ce]

= In Medium p,w

= R. Rapp (Nucl. Phys A661(1999) 238c
- + shows low mass tail -

= With its good mass resolution PHENIX should be able to see this

Richard Seto



High p; electrons in PHENIX:

PHENIX RUN 12010 seq0010 event 291

South Side

f East Arm West Ar
i&
ﬁ*

All sub-systems In Concert

RICH

EMCAL

C DC =
* PCT PC /
ICH
e /‘ RIC
O 6 PMT RICH ring
EMCAL 2.6 GeV/c track / EMC

2.5 GeV EMC hit
electron candidate




Color Screening in a Deconfined Media- J/
Y/ suppression

. . .
= Debye Scree_nlng _ s r:.: oy ® Test quark placed at r=0
= In a deconfined media a O:N ‘o’ o quarks
test quark q polarizes the o %° “ P |
surrounding media Je®e% g ° Anti-quarks
0o, o o

= The color screening
suppresses the long range

confining part of the %
strong interaction. -
Satz , Matsui PL178B(1986)416 V(bev) deceafined A G P
-1
. -2
confinement
v 4 oy T3
a a _ el-e " u
V() = -—+kr® -—e™ +krg 0 =%
r r & r g
f -5 1 1
“ I bn D's ! 15 2,
coulom r(§n)
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Onium Suppression J/y and |
Muons and electrons

= RHIC (for a robust result)
= Onium system as thermometer Xb(ZP)® Y’y Xb@ Yy

= Rates (no anomalous

suppression) \Q
= J/w Au-Au 0.4 x 10%/yr
= j+j’+j” 1000 events 30 weeks \\
= Also need p; Dependence

= Study vs sytem size and energy omu mm

SUPPRESSION

\W\/;hf}

GeV/fm”
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Other topics

= STAR will add

= Silicon Vertex Tracker
= Measurement of X W

= large acceptance EMCAL over the next several
year
= Will get into the electron and photon game
= Other Physics Topics — all detectors
= Heavy quarks
= PA physics
= Of course spin physics

Richard Seto



Conclusions

= Energy density ~ 1.5 x value at CERN SPS
= QObservation of significant elliptic flow indicating thermalization

= Systematic study of p; spectra for
= p¥s
= Charged particles
versus centrality show

= Good agreement for peripheral collisions with predictions from hard
scattering

= Clear deficit in more central collisions
=« Data-to-data comparisons
»« Data-to-model comparisons

high-p, data ar e consistent with “jet quenching” predictions!!

= ldeally positioned to dramatically extend these results in second year
of RHIC running

Richard Seto



